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It is shown that the Einstein gravity + Higgs scalar field have cosmological regular solutions
with deceleration/acceleration phases and with bouncing off from a singularity. The behavior of the
solution near to a flex point is in detail considered.
I. INTRODUCTION
Supernova observations [1, 2] were the first to suggest that our universe is currently accelerating. For this acceler-
ation now it is believed that as much as 2/3 of the total density of the universe is in a form which has large negative
pressure and which is usually referred to as dark energy. It has been proposed number of various models aiming at
the description of dark energy universe (for review, see [3]).
It is evidently that to have deceleration (where a¨ < 0) and acceleration (where a¨ > 0) phases it is necessary to have
the moment with a¨ = 0. In this paper we show that the gravitating Higgs scalar field may have cosmological solutions
with such property. Such solution exists only with a single value of cosmological constant.
II. NUMERICAL SOLUTION WITH DECELERATION/ACCELERATION PHASES
The aim of this section is to show that in the ordinary Einstein gravity interacting with the Higgs scalar field there
exist solutions having the deceleration and acceleration phases. The corresponding Einstein + scalar field equations
are
Rµν − 1
2
gµνR = κTµν , (1)
1√−g
∂
∂xµ
(√−ggµν ∂φ
∂xν
)
= −dV (φ)
dφ
(2)
where V (φ) is
V (φ) =
λ
4
(
φ2 −m2)2 − V0 (3)
φ is the Higgs field and the Lagrangian for the scalar field is
L =
1
2
(∇µφ) (∇µφ)− V (φ), (4)
Tµν = (∇µφ) (∇νφ)− gµνL. (5)
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2The quantity V0 in Eq. (3) is identical to a cosmological constant. Later we will see that V0 is defined uniquely in a
flex point t0 where a¨(t0) = 0.
We consider the cosmological metric
ds2 = dt2 − a2(t) [dχ2 + sin2 χ (dθ2 + sin2 θdϕ2)] . (6)
The equations for a(t) and φ(t) are
3a˙2
a2
+
3
a2
= κ
[
φ˙2
2
+
λ
4
(
φ2 −m2)2 − V0
]
, (7)
2a¨
a
+
a˙2
a2
+
1
a2
= κ
[
− φ˙
2
2
+
λ
4
(
φ2 −m2)2 − V0
]
, (8)
φ¨+
3a˙φ˙
a
= λφ
(
m2 − φ2) . (9)
For the deceleration phase we have a¨(t) < 0, for the acceleration phase: a¨(t) > 0. Consequently there is a flex point
t0 where
a¨(t0) = 0. (10)
Using the condition (10) and equations (7) (8) one can find the following constraints on the initial conditions and
cosmological constant
2a˙2
0
a2
0
+
2
a2
0
= κ
[
λ
4
(
φ2
0
−m2)2 − V0
]
, (11)
2a˙2
0
a2
0
+
2
a2
0
= κφ˙2
0
(12)
where a0 = a(t0), a˙0 = a˙(t0), φ0 = φ(0), φ˙0 = φ˙(0). It means that the cosmological constant is defined uniquely
Λ = κV0 =
λ
4
κ
(
φ2
0
−m2)2 − 2( a˙20
a2
0
+
1
a2
0
.
)
(13)
For the numerical solution we introduce the dimensionless quantities x = t/
√
κ, φ
√
κ → φ, a/√κ → a. Then the
Eq’s (7)-(9) are
3a˙2
a2
+
3
a2
=
[
φ˙2
2
+
λ
4
(
φ2 −m2)2 − V0
]
, (14)
2a¨
a
+
a˙2
a2
+
1
a2
=
[
− φ˙
2
2
+
λ
4
(
φ2 −m2)2 − V0
]
, (15)
φ¨+
3a˙φ˙
a
= λφ
(
m2 − φ2) (16)
with the following initial conditions
a(0) = a0, a˙(0) = a0, φ(0) = φ0, φ˙0 = −
√
2a˙2
0
+ 2
a0
. (17)
The numerical solution is presented in Fig’s 1-2. We see that thete are two type of solutions: regular and singular
one. The regular solution exists for −∞ < t < +∞ and has bouncing off point and four flex points. The singular
solution has one flex point only. The presented solution is symmetrical one relative to the bouncing off moment but
there exist non-symmetrical solutions with the initial conditions different from (17).
The asymptotical behavior of the solution is
a(t) ≈ a∞et
q
−κV0
3 , t→ +∞, (18)
a(t) ≈ a∞e−t
q
−κV0
3 , t→ −∞, (19)
φ(t) ≈ −m+ φ∞e−αt, α1,2 =
√
−3κV0
4
±
√
−3κV0
4
− 2λm2, |t| → ∞ (20)
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FIG. 1: The profiles a(t) for regular (a˙0 = 0.08) and sin-
gular (a˙0 = 0.2) solutions. The parameters λ = 0.41, a0 =
1.0, φ0 = −0.0028; φ˙0 = −
√
2a˙2
0
+2
a0
,m = 0.603 are the
same for both solutions.
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FIG. 2: The profiles φ(t) for regular and singular solu-
tions.
where a∞, φ∞ are constants. This solution can describe the inflation of Universe with the posterior standard decay
of the scalar field.
It is useful to present the profile of a state equation (see, Fig. 3) in the form
w =
p
ε
=
T 11
T 00
=
φ˙2
2
− λ
4
(
φ2 −m2)+ V0
φ˙2
2
+ λ
4
(φ2 −m2)− V0
(21)
where p is the pressure and ε is the energy density. Especially interesting is the behavior of w in the region x > x0,
i.e. in the acceleration region. We see that there 0 < w < −1.
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FIG. 3: The profiles w(t) for the regular solution.
III. THE DECELERATION → ACCELERATION TRANSITION
In the preceding section we have shown that the Universe filled with the Higgs field may have the decelera-
tion/acceleration phases and have presented the solution with a0 ≈ lPl ∝
√
κ. In this section we would like to
4investigate more carefully the solution near the flex point where the transition from the deceleration to acceleration
phase is happened and with a0 ≫ lPl ∝
√
κ. It is not too hard to find the solution of equations set (7)-(9) in the
following form
a(t) = a0 + a˙0t+
[
4
a˙0
(
a˙2
0
+ 1
)
a2
0
+ λφ0
√
2κ (a˙2
0
+ 1)
(
m2 − φ20
)] t3
6
+ · · · , (22)
φ(t) = φ0 − 1
a0
√
2
a˙2
0
+ 1
κ
t+
[
3
a˙0
a2
0
√
2
a˙2
0
+ 1
κ
+ λφ0
(
m2 − φ20
)] t2
2
−
[
12
a˙2
0
a3
0
√
2
a˙2
0
+ 1
κ
+ 3λ
a˙0φ0
a0
(
m2 − φ2
0
)
+
λ
a0
√
2
a˙2
0
+ 1
κ
(
m2 − 3φ2
0
)] t3
6
+ · · · (23)
The deceleration parameter is
q(t) = −aa¨
a˙2
≈ −a0a3
a˙2
0
t, (24)
a3 = 4
a˙0
(
a˙2
0
+ 1
)
a2
0
+ λφ0
√
2κ (a˙2
0
+ 1)
(
m2 − φ2
0
)
. (25)
More convenient in this approach is the modified deceleration parameter
q(t) = − (a− a0) a¨
a˙2
≈ −a3
a˙0
t2 (26)
The Habble constant is
H(t) =
a˙
a
≈ a˙0
a0
− a˙
2
0
a2
0
t+
(
a˙30
a3
0
+
a3
2
)
t2. (27)
Let us remind that the time t is counted from the flex point moment t0. Unfortunately it is not for a while yet
unknown: is the solution with a0 ≫ lPl regular or singular, i.e has the solution bouncing off from a cosmological
singularity or no.
IV. OUTLOOK
We have shown that the Einstein-Higgs gravity has cosmological solutions with the deceleration/acceleration phases.
Additionally these solutions may have bouncing off from a cosmological singularity. The detailed investigation is made
near the moment where the transition from the deceleration epoch to the acceleration one happens.
One question remains not clear in the carried out research: is the solution with big a0 regular or it has singularity
either in the past (Big Bang) or and in the future (Big Rip) or both ?
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